Cultured plant cells of Eucalyptus perriniana catalyzed reduction, regioselective hydroxylation, and regioselective glycosylation of flavanones. (2S)-Flavanone was converted into (2S)-flavan-4-ol, (2S)-flavan-4,7-diol, (2S)-flavan-7-ol, (2S)-flavan-7-yl glucoside, and (2S)-flavan-7-yl gentiobioside. The cells glucosylated (2S)-flavan-6-ol to (2S)-flavan-6-yl glucoside. (2S)-Flavan-2'-ol was transformed to (2S)-flavan-2',4-diol, (2S)-flavan-2',7-diol, (2S)-flavan-2'-yl glucoside. In addition, (2S)-flavan-4'-ol was transformed to (2S)-flavan-4,4'-diol, (2S)-flavan-4',7-diol, (2S)-flavan-4'-yl glucoside.
Biotransformation has been considered to be an important method for converting inexpensive organic compounds into costly and scarce ones. Furthermore, the biotransformation of various organic compounds has been investigated as a target in the biotechnological application of plant cell culture systems [1a] . Particularly, hydroxylation and glycosylation are of use for preparing costly compounds. However, there are only a few reports on the regioselective hydroxylation by cultured plant cells [1b,c,2,3] . In addition, glycosylation is a characteristic biotransformation reaction in cultured plant cells because glycosyltransferases are widespread in plants. Herein, we report, for the first time, the regio-and stereoselective hydroxylation and glucosylation of flavanone compounds by cultured plant cells of Eucalyptus perriniana.
After five days' incubation of (2S)-flavanone (1) with cultured plant cells of E. perriniana, three products (2-4) were isolated from the culture medium. Compounds 5 and 6 were isolated from the extracts of the cells with MeOH. No additional conversion products were observed in spite of careful HPLC analyses. The structures of the products were determined on the basis of their FABMS, 1 H and 13 C NMR, H-H COSY, C-H COSY, and NOE spectra as (2S)flavan-4-ol (2, 60%), (2S)-flavan-4,7-diol (3, 10%), (2S)-flavan-7-ol (4, 3%), (2S)-flavan-7-yl glucoside (5, 6%), and (2S)-flavan-7-yl gentiobioside (6, 1%). To investigate the biotransformation capability of the cells, the time-course of the conversion of (2S)flavanone (1) by cultured cells of E. perriniana was examined. As shown in Figure 1A , (2S)-flavanone (1) was converted into (2S)flavan-4-ol (2) and (2S)-flavan-7-ol (4) in an early stage of the incubation period. Formation of (2S)-flavan-4,7-diol (3) and (2S)flavan-7-yl gentiobioside (6) occurred after 6 hours.
Next, (2S)-flavan-6-ol (7) was subjected to the same biotransformation system. Product 8 (51%) was isolated from the MeOH extracts of the cells. Product 8 was identified as (2S)-flavan-6-yl glucoside. The time course of the conversion of (2S)-flavan-6ol (7) is shown in Figure 1B .
When (2S)-flavan-2'-ol (9) was used as the substrate, E. perriniana cells transformed it to products 10 (55%), 11 (8%), and 12 (15%). The structures of 10-12 were identified as (2S)-flavan-2',4-diol (10), (2S)-flavan-2',7-diol (11), and (2S)-flavan-2'-yl glucoside (12), respectively. The time course of the biotransformation of (2S)flavan-2'-ol (9) is shown in Figure 1C . The substrate (2S)-flavan-4'ol (13) was incubated with cultured suspension cells of E. perriniana. After five days, extraction of the medium with EtOAc gave products 14 (60%) and 15 (8%). The product 16 (12%) was isolated from the MeOH-extracts of the cells. The products were identified as (2S)-flavan-4,4'-diol (14), (2S)-flavan-4',7-diol (15), and (2S)-flavan-4'-yl glucoside (16). The time course of the biotransformation of (2S)-flavan-4'-ol (13) is shown in Figure 1D .
Thus, E. perriniana cells hydroxylate and reduce (2S)-flavanone to give (2S)-flavan-4-ol, and (2S)-flavan-4,7-diol, (2S)-flavan-7-ol. However, no reduction products from compounds having sugars at the 7-position were formed. In addition, neither hydroxylation nor reduction products were obtained in the biotransformation of (2S)flavan-6-ol. These findings postulate that substrates with a hydroxy group in the A-ring are not hydroxylated by E. perriniana cells, and that reduction at the 4-position of flavanones that have a hydroxy group on the A-ring does not occur. This is the first description of regioselective hydroxylation and glucosylation of flavanone compounds by cultured plant cells. substrates were purchased from Wako Pure Chemicals Co. and were used without further purification. The cultured cells of E. perriniana were subcultured at 4-week intervals on solid MS medium containing 2% glucose, 1 ppm 2,4-dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) in the dark. A suspension culture was started by transferring 20 g of the cultured cells to 300 mL of liquid MS medium in a 500 mL conical flask.
Biotransformation procedure: The suspension cells of E. perriniana were incubated in ten 500 mL conical flasks for 3 weeks.
The cultured cells in the stationary growth phase were used for experiments. After the cultivation period, 300 mg of the substrate was added. The transformation was performed by incubating the mixture at 25 on a rotary shaker (70 rpm) in the dark. The culture medium was extracted with EtOAc. The cells were extracted (x3) by homogenization with methanol. The methanol fraction was concentrated and partitioned between H 2 O and EtOAc. The EtOAc fractions were combined, concentrated, and analyzed by HPLC. The EtOAc fraction was subjected to chromatography on silica gel with n-hexane-ethyl acetate (95:5, v/v) to yield the substrate and hydroxylated products. The H 2 O fraction was applied to a Diaion HP-20 column, which was washed with H 2 O followed by elution with MeOH. The MeOH eluate was subjected to HPLC to give glycosylated product. The yield of product was determined on the basis of the peak area from HPLC and expressed as a relative percentage to the total amount of the whole reaction products extracted.
(2S)-Flavan-7-yl gentiobioside Rf : 0.30 (CHCl 3 -methanol, 7:3). IR: 1704, 1505, 1240 cm -1 . 1 H NMR (400 MHz, CD 3 OD): 3.01- 3.90 (12H, m, H-2'', 2''', 3'', 3''', 4'', 4''', 5'', 5''', 6'', 6'''), 3.97 (2H, m, H-3), 4.20 (1H, d, J=8. 
Time-course experiment:
Thirty g (fresh weight) of suspension cells of E. perriniana was partitioned to each of 8 flasks containing 100 mL of medium. Substrate (16 mg) was administered to each flask and the mixtures were incubated on a rotary shaker at 25°C. At 10 h intervals, one of the flasks was taken from the rotary shaker, and the cells and medium separated by filtration. The extraction and analysis procedures were the same as those described above. The yield of products was determined on the basis of the peak area from HPLC and expressed as a relative percentage of the total amount of the whole reaction products extracted.
